
Appendix B

A Model of Lifetime Earnings Patterns [1]

1. Introduction

Social security law bases benefits on an average of the best years of earnings
of an individual worker. Eventually retirement benefits will be based on the 35
years of highest earnings. This Panel has endorsed the principle of lifetime
average earnings and recommends the eventual use of a 35-year average of
indexed earnings. At present the averaging period is considerably shorter and
no earnings before 1951 enter the calculation of benefits for most workers. To
understand the future shape of the social security program and to have a model
for cost estimation, it is thus necessary to have some understanding of the
patterns of earnings over workers' entire lifetimes. No body of data exists which
reports on the earnings of a large number of workers over full working lifetimes.
Hence we have undertaken to estimate a model of lifetime earnings based on a
large body of earnings data reported to the Social Security Administration since
1956.

At the start of this project, the 0.1 percent Continuous Work History Sample
containing estimated 2 earnings for 1956 to 1971 was available. In addition the
data for 1972 were available except for the level of self-employment earnings. 3

Since the primary purpose of the model was to project earnings histories into
the future, we have fitted the model only to male earnings, given the belief that
future female earnings are likely to differ sharply from those of the past. 4 The
task was to move from this set of data containing up to 16 observations per
person to a model giving the distribution, not just the average of lifetime
earnings patterns.5

The model described below was used for simulations of wage histories which
were used to project retirement benefits, yielding estimates in a form which
could readily be incorporated into the long-run cost estimation procedure of the
Office of the Actuary. An important conclusion of the simulation study is that
cost estimates depend significantly on the specification of the random compo-
nent of earnings growth as well as depending on the typical age structure of
individual earnings.

In addition to being a basis for simulations, the model developed yielded a
number of conclusions on the patterns of male earnings experienced over the
time period analyzed, confirming the statistical findings described in Chapter 6
and Appendix A. Typically, until age 35 individuals experience wage growth that
is much more rapid than the growth of average earnings in the economy.
Between ages 35 and 64 individual earnings growth does not differ too much

[1] This Appendix is based on the joint research of Peter Diamond, Richard Anderson, and Yves
Balcer. The basic model was developed by Roger Gordon in his Ph.D. dissertation at MIT and
adapted by him for Social Security data. Jerry Hausman has contributed a great deal of econometric
advice. The calculations could not have been performed without the assistance of the Social Security
Administration, especially Aaron Prero, Barry Bye, and John Spencer. Helpful suggestions have
been made by a large number of others. Responsibility for errors and the like remain with Diamond,
Anderson, and Balcer.

2 We have used the Method II estimate which extrapolates earnings (separately by employer) for
the remaining quarters of the year for any employee whose reported earnings reach the taxable
maximum. In addition no estimate is available for self-employment income of those who earn above
the maximum as employees.

3 But we did have an indicator of whether self-employment earnings existed.
4 We chose to make no use of data on location and industry of employer available starting in 1971.
5 Earnings outside covered employment (e.g., for the U.S. government) are not reported. Thus we

have zeros in the data both for people without earnings and for those working in uncovered jobs.
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from the growth of the economy-wide averages for those who do not claim
retirment benefits. There are large unexplained elements in individual earnings
after one has adjusted for the typical age structure and for other components of
steady growth. Adjusted for movements out of covered employment, the typical
age structure of earnings does not vary much with the level of earnings between
the upper two-thirds of the income distribution. It is different at the bottom of
the income distribution showing a less rapid growth to the level of peak
earnings. The random component in earnings is smaller in percentage terms the
higher the income level.

2. Framework of Analysis

Ideally one would want to explore the determinants of earnings levels for
different workers. This would imply an examination of the demand for and
supply of labor of different ages, skills, experience levels, etc. Such an approach
seemed considerably beyond the capabilities of this study. Thus we have taken
the lesser task of examining the data on wages in the period 1956-71 in order to
select a pattern of lifetime wages which is consistent with the observed pattern
and a suitable extension to cover entire lifetimes. Restating this perspective, an
individual's history can be considered as a random draw from some distribution
defined over a 45 dimensional random vector representing annual earnings
from ages 20 to 64. Given the outcome of this random draw, the highest 35
earnings in the single draw are selected to determine the average earnings of a
particular worker. The problem is to describe the distribution.

If the distribution were believed to be multivariate normal, one could directly
consider the 45 dimensional vector and estimate means, variances, and covar-
iances where age differences were not too large.6' A complete distribution could
then be constructed by extrapolating the variance-covariance matrix to the
unobserved off-diagonal terms. However, the distribution is very far from being
multivariate normal . 7 Not knowing any suitable way to move from a variance-
covariance matrix plus marginal distributions to either a full description of the
distribution or to the needed order statistic (the mean of the 35 largest
earnings), we have followed the route of making assumptions on lifetime
patterns which lead to ordinary least squares regressions and an estimation of
the distribution based on regression coefficients and the distribution of residu-
als.

3. Model 8

Before considering the structure of the model, let us detail the earnings
measure to be described. To avoid the issue of explaining both inflation and
productivity growth, it seems appropriate to relate earnings of individuals in a
particular year to average earnings in that year. There are several different
average earnings series which might be used for this indexing purpose. It is not
clear that there is a particularly correct index to use, in the absence of a theory
of the impact of inflation, productivity gains and the age and sex mix of the labor
force on the age structure of earnings. If one assumed no effects from these

6 An estimate of the variance-covariance matrix is being calculated as an evaluation of the estimates
developed below. The calculation was not ready in time to be included here.

7 To examine normality in the distribution of earnings growth, five birth cohorts (1907-1911) were
examined for two pairs of years. For each pair of years the logarithm of the ratio of estimated
earnings in t+ I to estimated earnings in t was calculated for each worker with positive earnings in all
three of t-1, t, and t+1. Then the distributions were calculated. In addition each cohort was
divided into thirds by income in t-1 and the procedure repeated for each third. The distributions
were consistently different from the normal distribution. The coefficients of skewness were mostly
negative and generally less than -1. The coefficients of kurtosis were all positive and almost all
larger than 10 and one-third larger than 20. The standard deviations were generally between 1/3
and 2/3.

8 For a fuller description of this model and another use, see Chapter III of the unpublished MIT
Ph.D. dissertation of Roger Gordon, "Essays on the Causes and Equitable Treatment of Differences
in Earnings and Abilities." The model there was adapted for this problem by Gordon.
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significant average age-structure to individual earnings which does explain some
considerable fraction of the variation in earnings over all lifetimes, while leaving
a considerable degree of randomness in earnings which will also be a major
component of the simulation to be described below. In addition, the shock
dummies also explain a good deal of the variation in deviations from individual
means.

Examining the coefficients on the age variables in the different equations,
there are several conclusions to be drawn. 27

27 Note that the same wage index was used in all the regressions reported in Tables 3-5.
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that there would be a noticeable decline in typical earnings trajectories if early
retirement were not an available option .30

Considering the coefficient estimates on the shock dummies for zeros in the
recent past we have a somewhat different picture. The estimates do vary
somewhat across formulations, although not enormously . 31 There is the curious
puzzle of the systematic and large (relative to the conventional standard error
estimate) differences between the equations fitted to the smaller sample and
those fitted to the entire 0.1 percent CWHS. 32 We shall argue that the numbers
are in the range of plausible values, so it does seem appropriate to base the
simulation on the estimates from the larger sample, adjusting arbitrarily for the
bias in the estimate of the coefficient on anticipatory shock. If there were no
effect of past zeros other than the carry-over of noncovered employment into
the year after a zero, and if switches to covered employment were uniformly
distributed over a year, the coefficient of shock one would be one-half. There
are three complications to add to this argument. First, there is probably a strong
seasonal pattern to job switching. Given the suspicion that moves are concen-
trated in the late spring and early fall (with more in the former), the seasonal
pattern may not affect the argument greatly. Second, there is a complication
even if all job switches were uniformly distributed over the year. If the
distribution of lengths of time out of covered employment were the same for all
dates of switching, the fraction of switches coming after a period out of covered
employment which includes an entire calendar year would decrease with the
time of the year.

Thus, on average the coefficient on shock one should represent an earnings
decrease of less than 50 percent. Third, switching probably lowers earnings 33 (at
least in part since some switchers are coming from unemployment or nonpartici-
pation in the labor force) implying a coefficient larger than one-half in absolute
value. From these considerations, the estimates of shock one seem to be in a
plausible range. The other coefficients for the effects of past zeros show a steady
decline in the effects of a previous absence from covered employment, as one
would expect.

The estimate of the effect of a zero in the year following a particular year
seems too large. Comparing the coefficient with that of shock one, the above
argument based on a uniform distribution in the timing of job switches, works in
the same way. The seasonal pattern probably makes the effect of anticipatory
shock larger. The relationship between switching and earnings is probably
weaker. Thus it seems reasonable to expect that the decline in earnings for
anticipatory shock is roughly the same as that from shock one. As was discussed
above there are reasons to think that this estimate is biased away from zero. In
future estimation it would be interesting to develop alternative procedures to
obtain an unbiased estimate of this coefficient. The movement in and out of
covered employment is sufficiently slow that the exact parameter values on the
effects of a zero are not critical components in cost estimation.

To test the robustness of the procedure, the same model was fitted with two
modifications. One is the use of a different wage index-the average male
earnings of 25- to 64-year olds in the smaller sample. (The index is shown in
table 1.) Comparing first and last years, the new wage series shows 5.14 percent
growth per year over the period, while the series used above shows 4.48 percent
growth per year. This difference of 0.66 percent per year is important for
comparing the two regression results. The second modification is to eliminate
all observations on 20-24 year olds. Since many of these workers may have been
in school and may have had covered earnings from part-time jobs, their

30 For further discussion of this point see section 10.
31 Estimated earnings based on different formulations vary up to 20 percent.
32 The fact that the distribution of the residuals is very far from normal might play a role in

explaining the magnitude in differences, but not the persistent sign of the difference in coefficients.
Possibly relevant is the fact that the smaller sample was not randomly selected from the CWHS.

33 This expectation is consistent with significant coefficients for earlier shocks.































11. Mean Earnings by Age

The basic model we have explored uses longitudinal data to examine the wage
paths of individuals relative to movements in an economy-wide average over the
same period. Given an age structure which is assumed to hold over long periods,
given a stable distribution of individual constants across cohorts, and given the
distribution of residuals '

51 the model implies a pattern to the cross-section

structure of mean earnings at any time. We have riot done the calculations to
relate the model to the implied cross-section structure. Nevertheless, for the
purposes of this project, it is useful to examine the matrix of mean earnings by
age, sex, and year to explore the stability of the cross-section pattern of indexed
earnings. Table 12 contains this matrix calculated from the 0.1 percent CWHS,

where for each sex the earnings in each year have been deflated by average
earnings in that year of those included in the tabulation .52

51 The distribution of the residuals is relevant since the model has a logarithmic form-the
expected value of log wages (which equals the coefficients) will be less than the log of the expected
value of wages. This will affect the cross-section pattern since the variance in residuals is not
constant across ages.

52 The table reports mean estimated earnings for those between 20 and 65, excluding in a year
anyone with zero earnings in that year, anyone who died or received disability benefits in that year,
or anyone entitled to old age benefits in that year or earlier. The tabulations for males are based on
at least 500 observations, except for ages in the 60's. The female tabulations have about one-half the
numbers in the male tabulations. The estimated standard deviation in the estimate of the mean
income is generally a few hundred dollars, varying across the matrix.

70-577 0 - 76 - 811
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From the perspective of the possible use of wage indexed earnings for benefit
calculations, there are three implications of this table worth noting. The large
difference in mean earnings between men and women implies that the wage
index depends upon the sex mix of the labor force. Over the time period
examined the ratio of mean male earnings to mean earnings (both sexes) has
varied over a range of 5 percent. Continued growth of female labor force
participation rates will see further changes in this ratio. Second, the large
differences in mean earnings by age implies that a change in the age structure of
the labor force will change the mean wage-indexed wage by age even if the
cross-section pattern is unchanged. Third, a change in the mix of experienced
and inexperienced workers might alter the age structure of mean earnings. To
show these latter two effects, the mean wage by age for male, indexed by mean
male wage, is plotted in Figure 5 for 1956 and 1968. The differences are
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noticeable, although not extremely large. The greater fraction of young workers
at the later date lowers the mean wage in the economy and so tends to raise the
means for each age.

12. Probability of Zero Earnings

The model described above predicts earnings conditional on their being
positive. 53 It makes no prediction ofwhether earnings will be positive and it uses the
presence of past and future zeros as part of the prediction process. Thus for
simulation purposes, it is necessary to have some model of the probability of
zero earnings. The time limitation on this panel, and the effort that went into the
model described above, precluded development of anything complicated. Thus
a simple Markov model was used despite some evidence that a Markov model
did not fit the data very well.54,55

Table 13 contains the data by age bracket of the numbers of males with
positive earnings in a year moving to zero earnings in the following year.
Table 14 Contains the same information for the movement from zero to positive
earnings.

53 The presence of zeros is common in the economy. For example, of the 188 persons in the
1926-31 cohorts included in the analysis only 108 (57 percent) had 16 positive observations.
Another 24 (13 percent) had 15 positive observations.

54 See H. Grundmann, A Probability Model to Explain Movements In and Out of OASDI-covered
Employment: A Progress Report, March 22, 1973. In addition to examining a simple Markov model,
this paper considers a latent Markov model.

55 No examination was made of whether low earnigs relative to individual trend significantly
increases the probability of a move out of covered employment. Such a finding would imply biased
coefficient estimates since the residuals are autocorrelated and the shock dummies would depend on
lagged endogenous variables. Roger Gordon has found that the effect of wage level on the
movement out of the labor force is very small.

56This date was chosen since there was a large change in coverage in 1955 and a small change in
1956.







For use in the simulation model, the subtotals since 19577 were calculated to
provide an estimate of the probability of movement . 56 With the change in
availability of early retirement for 62-64 year old males, no subtotals were
calculated for those ages.

As one would expect, the probability of moving to a zero is u-shaped,
troughing in the ages 30-44. The range of probabilities varies very little, being
around 3 percent. The probability of movement from a zero to positive earnings
is very high for the youngest group and then declines. For those over 30, the
probability lies between 20 and 30 percent. Thus the movement probability
estimates roughly parallel the relationship between covered and uncovered
employment, with roughly 90 percent of employment covered by OASDI.

While no detailed analysis of these probability numbers was employed, a quick
examination was made of the explanation of these numbers by means of both
the linear and logit probability models, using as explanatory variables time and
the unemployment rate. The results were similar for different ages and those for
ages 40-49 are reported in table 15.

TABLE 15.-MOVEMENTS IN AND OUT OF COVERED EMPLOYMENT
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There is a small positive time trend in the probability of moving to zero over
the 15 years in the sample, with an increase of approximately one percentage
point in the probability of movement per decade. The unemployment rate
enters with a positive coefficient (as one would expect), with a one point rise in
the unemployment rate increasing the probability of movement by approxi-
mately one-half of one percentage point. For the movement from zero, both the
time trend and unemployment rate enter with negative signs. The probability of
switching to positive earnings decreases by approximately 1 percentage point
per year and by approximately 1.5 percentage points for each one point rise in
the unemployment rate. 57

13. Simulation

The empirical analysis described above has been used as the basis of a
stochastic simulation model to examine the effects of economic growth and the
lengthening averaging period on the cost estimates. One step in the cost
estimation procedure used by the Office of the Actuary employs a set of ratios of
the average PIA for newly retired workers in the future to the average PIA for
newly retired workers in the base year. The focus of the simulation was to
produce this set of ratios under alternative economic assumptions. Of course

57 The results from the linear and logic models are very similar within the estimation period. One
would not want to simply extrapolate these time trends far into the future. Doing so, the two models
do give different predictions.

Age Constant Time
Unemployment

rate

Probability of movement to zero earnings:
Linear model:

40 to 44	 0.0012 0.0008 0.0029
Standard error	 (.0056) (.0002) (.0007)
45 to 49 . 0128 . 0013 . 0051
Standard error	 (.0039) (.0001) (.0005)

Logistic model:
40 to 44	 -4.5429 . 0317 . 1071
Standard error	 (.1888) (.0067) (.0252)
45 to 49	 -4.9588 . 0421 . 1773
Standard error	 (.1264) (.0044) (.0173)

Probability of movement from zero earrings:
Linear model:

40 to 44	 . 4401 -.0081 -.0178
Standard error	 (.0410) (.0015) (.0056)
45 to 49	 . 4081 -.0111 -.0028
Standard error	 (.0554) (.0021) (.0076)

Logistic model:
40 to 44	 . 0097 -.0465 -.1046
Standard error	 (.2467) (.0091) (.0324)
45 to 49	 -.1363 -.0631 -.0287
Standard error	 (.354:3) (.0128) (.0478)
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this procedure uses a stochastic description of the past as well as a stochastic
description of the future, so would be inappropriate for short-term cost
estimation . 58

The first step in the procedure is to select an age profile of wage indexed
earnings for a typical worker, assumed to hold for all cohorts . 59 The profile selected
is shown in table 16.

This profile can be combined with any assumed growth in real earnings relative
to the wage-index used in the estimation to produce a profile of real earnings.60

Successive cohorts of 20-year-olds are assumed to have initial real wages which
grow at the same rate as the growth in national average real wages. The second
step in the procedure is to select the distribution of random elements underlying
the generation of wage histories. 61 For this purpose, residuals from the equation
based on the 0.1 percent CWHS applied to the small sample of workers were
used. Each residual was adjusted for degrees of freedom .62 All residuals
associated with individuals in 9 year age brackets were pooled to form a
distribution. These are the distributions shown in Figure 4, above. Given this
random structure and the wage profile, 100 wage histories are randomly
generated.

Using the transition probabilities shown in table 16, these wage histories are
then subjected to probabilities of having zero covered earnings. When a zero
occurs, the particular earnings level is set to zero and the neighboring earnings
levels are reduced by the factors shown in table 16. This gives the wage
histories to be used in calculating benefits.

TABLE 16.-VALUES USED IN SIMULATION

Only 1 adjustment (the largest decline) was made for any year.

It is assumed that at each income level the random pattern of earnings is the
same. Thus each of the 100 patterns generated above is assumed to occur at
each of 12 earnings levels (corresponding to different individual constants in the
regression model). The distribution of individual constants was generated in the
regression model and will be used to take a weighted average of PIA, after their
computation. However, one further step is needed, the calibration of the
distribution of constants to produce the mean estimated covered earnings in the
economy. Based on the table of mean earnings by age given above, it was
assumed that the mean for 50 year olds was 115 percent of the mean for all
males. Then the mean earnings for 50 year olds in 1975 was set equal to $8,939,
an estimate of the desired number. This calibration corrects for the difference in
wage indexes, the effects of zeros, the distribution of individual constants, and
the fact that the error distribution gives a zero expectation for the log wage.

°9 In addition to treating business cycles as part of the residual, no adjustment was made for the
greater prevalence of years with no covered employment before 1955. A correction for that could be
incorporated in the procedure in a straightforward manner.

"The simulation follows the current procedure ofestimating PIA assuming all workers retire at 65.
80 Or it can be combined with any growth ofa wage index (relative to the index used in estimation) to

produce a profile of wage indexed earnings.
81 No adjustment has been made for autocorrelation of residuals in the results reported here,

although incorporation of autocorrelation would be straightforward.
°s The adjustment was to multiply each residual by the square root of the ratio of the number of

observations for that person to the number minus one.

1. Ratio of wage-indexed earnings to those at age 50:
Age	 20 25 30 35 40 45 50 55 60 65
Ratio	 0.27 0.59 0.78 0.89 0.96 0.99 1.0 0.98 0.95 0.93

2. Probability of zero earnings at age 20	 0.1
Probability of zero-earnings i n t given positive earnings i n t-1	 . 03
Probability of zero earnings i n t given zero earnings i n t-1:

Age 20 to 24	 0.40
Age 25 to 64	 -------- . 75

3. Earnings as a fraction of earnings with no neighboring zeros as a consequence of a zero at t:
. 85t-1	

0.50 t +3	
t	 0 t +4	 . 90
t+1	

. 50
t +5	 . 95

t+2	 . 80
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Using the growth of initial wages for 20 year olds each of the 1200 histories was
shifted to give lifetime patterns for different retirement years. [63] For each year,
each of the constructed 1200 wage histories in then converted to taxable
earnings histories by applying the appropriate taxable maximum. Then, AIME is
calculated for each simulated worker and, using the benefit formula, PIA is
calculated for each worker. [64] The PIA's for different income levels were
weighted to reproduce the distribution of a(h) approximately described above in
Figure 2 [65] and an average PIA calculated. The average PIA's were divided by
that of 1975 to get the ratios. Table 17 shows the resulting calculation for 2
percent real growth and the benefit formula recommended above.

TABLE 17

(Ratio of PIA(T) to PIA(1975) all measured in 1975 dollars, price index AIME 2 percent real growth 1975 dollars benefit: 80 percent of
lst 2,400, 35 percent of next 4,800, 25 percent of excess/

To examine the sensitivity of the calculation to some changes, the calculation
was repeated without probabilities of zero earnings. This produced PIA ratios
differing by less than 2 percent and, on average, by considerably less. Decreas-
i ng the residuals used in the stochastic simulation by dividing all of them by 1.05
produces no noticeable change.[66] Shifting the distribution of individual con-
stants up or down by 10 percent produces only small changes, on the order of 1
percent. The calculations were repeated for 1.5 percent real growth and for 2
percent real growth until 1971 and 1.5 percent thereafter. These calculations are
shown in tables 18 and 19.

[63] The calculation was done separately for years with turning points in the application of the averaging
procedure. Linear interpolation of AIME was used for intervening years.

[64] The AIME's generated can be used to examine the importance of the lengthening averaging period.
The model shows considerably greater declines in AIME than would be predicted from the same age
profile in the absence of random elements in the model.

[65] For simulation purposes, the 32 estimates of a" based on fewer than 10 observations were removed
from the distribution, leaving 156 values.

[66] Previous calculations with a normal distribution of errors, rather than the one generated by the
regression model, produced sizeable differences in the estimated effect of lengthening the averaging
period.

Year Amount Year Amount Year Amount Year Amount

1975	 1.00000 1976	 1.02321 1977	 1.04584 1978	 1.06802
1979 1.07433 1980	 1.08062 1981	 1.08689 1982	 1.09313
1983 _ 1.09933 1984	 1.10549 1985_

	

__ 1.11159 1986	 1.11766
1987	 1.12252 1988	 1.12738 1989	 1.13221 1990	 1.13703
1991	 1.14185 1992	 1.14666 1993	 1.15145 1994	 1.15624
1995	 1.17402 1996	 1.19160 1997	 1.20927 1998	 1.22678
1999	 1.24412 2000	 1.26134 2001	 1.27843 2002	 1.29539
2003	 1.31224 2004	 1.32901 2005	 1.34565 2006	 1.36540
2007	 1.38504 2008	 1.40458 2009	 1.42405 2010	 1.44344
2011	 1.46274 2012	 1.48197 2013	 1.50113 2014	 1.52023
2015	 1.53925 2016	 1.55823 2017	 1.57714 2018	 1.59599
2019	 1.61480 2020	 1.63356 2021	 1.65488 2022

	

_ 1.67657
2023	 1.69864 2024	 1.72112 2025	 1.74400 2026	 1.76733
2027	 1.79109 2028	 1.81528 2029	 1.83991 2030_ 1.86501
2031	 1.89058 2032	 1.91664 2033	 1.94319 2034	 1,97027
2035	 1.99787 2036	 2.02599 2037	 2.05465 2038	 2.08389
2039__

	

_____ 2.11370 2040	 2.14411 2041	 2.17511 2042	 2.20671
2043	 2.23892 2044	 2.27177 2045	 2.30526 2046	 2.33939
2047	 2.37417 2048	 2.40962 2049	 2.44575 2050

	

___ 2.48255
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